This paper describes how to simulate and control the two DoF inverted pendulum system, a dynamics of multibody system. The control strategy used is based on the conventional feedback method for the stabilisation of the two DoF inverted pendulum system. Simulation study has been done shows that conventional method i.e. pole placement control strategy is capable to control multi input and multi output of the two DoF inverted pendulum system successfully. The result shows that pole placement control strategy gives satisfactory response that is presented in time domain.
Introduction
A cart mounted inverted pendulum is relatively simple mechanical system which is inherently unstable and defined by highly nonlinear dynamic equations [1] . The inverted pendulum model has been widely used as a teaching aid and in research experiments around the world. It is a suitable process to test prototype controllers due to its high non-linearities and lack of stability [2] . It is well established benchmark problem that provides challenging problems to control design.
To understand fundamental building of the dynamic of the inverted pendulum system is started by undertaking the simulation of common or classic inverted pendulum system as shown in Figure 1 . This model system is simpler as it only has two DoF: one DoF rotation moving of the pendulum and one DoF horizontally moving of the cart [3] . A fundamental of this works is to investigate and demonstrate the use of conventional or classical control theory which is based on the input-output relationship to control very dynamic unstable system such as inverted pendulum. For the inverted pendulum system, the pendulum angle and the cart velocity or position need to be controlled and thus requires a multi-output system which is relatively simple to solve with state space method. Thus in this paper will be derived the mathematical model of the inverted pendulum in the state space form with pole placement or pole assignment control technique for controlling the cart velocity to follow on the desired velocity while maintaining the angle of the pendulum as 0°( upright pendulum position).
Mathematical Modelling
The system consists of an inverted pole with mass, m, hinged by an angle θ from vertical axis on a cart with mass, M, which is free to move in the x direction as shown in Figure 1 . A force, F, is required to push the cart horizontally and dynamic equations relationship between the cart and inverted pendulum are required so that it is possible to keep the pendulum upright stable while the cart moves by following a set reference of velocity point or desired path.
Figure 1 The two DoF inverted pendulum system
To derive dynamic equations or mathematical model for an inverted pendulum system considers the free body diagram shown in figure 2. 
Summing forces of the pendulum in horizontal direction:
Substituting N in equation (2) into equation (1) get the first dynamic equation for the system:
Summing forces perpendicular to the pendulum:
Summing moments around CG of the pendulum gets:
Combining equations (4) and (5) get the second dynamic equation for the system:
Since the inverted pendulum must be kept on vertical, therefore it is assumed that   t  and
.Thus dynamic equations above will become (where u represent input):
To build state space modelling of the system, the task is to derive the elements of the matrices, and to write the system model in the form:
The matrices A and B are properties of the system and are determined by the system structure and elements. The output equation matrices C and D are determined by the particular choice of output variables.
To get state space model form of the inverted pendulum system, we need to eliminate    from dynamic equations (7) and (8) 
Eliminating x  from equations (7) and (8) gives:
Define state variables, with
, can be obtained from equations (11) and (12) as:
Then the state space equations can be presented as: 
Pole Placement Control Strategy Controller of the pendulum system can be designed by using the controller design method of the pole placement or the pole assignment technique. The pole placement strategy is to put the poles of the closed loop system on the desired location by the state feedback through the appropriate state feedback gain matrix if the given system is perfectly controllable. When the system model is given as shown in the formula:
The state feedback controller is as: 
The solution of this equation is given by:
Where, x(0) is the initial state caused by external disturbances. The stability and transient response characteristics are determined by the eigenvalues of matrix A -BK. If matrix K is chosen properly, the matrix A -BK can be made an asymptotically stable matrix, and for all x (0) ≠ 0, it is possible to make x(t) approach 0 as t approaches infinity. Schematic block diagram of this type of control system is shown in figure 3 . Figure 3 Schematic block diagram of closed loop control in state space form [4] In this work to simulate the inverted pendulum system, let's assume the inverted pendulum properties are as: 
The poles of this model are: p = 0 0 6.4079 -6.4079
As can be seen there is a one pole laying in the right hand plane at 6.4079 thus the system is open loop very unstable. To stabilise the dynamics of the inverted pendulum plant obviously requires some of feedback controllers to be designed. This problem can be solved by finding a suitable K matrix using a full state feedback type 1 servo system. The schematic block diagram of this control is as shown in Figure 4 below. Figure 4 Full state feedback type 1 servo system [4] Where r represents the reference input signal to the cart. The four states
represent position of the cart, velocity of the cart, pendulum's angle and angular velocity of the pendulum and y represents the output signal. A controller have to be designed so that when reference input is given to the system, the pendulum should be displaced, but eventually return to zero (upright) and the cart should move with its position or velocity as commanded in the reference input.
In the pole placement method, pole locations can be arbitrarily placed if and only if the inverted pendulum plant is controllable. Therefore the controllability matrix of the plant is determined first before calculating the feedback gain matrix K. The controllability matrix is given as:
If M is nonzero the plant is controllable From the equation ( Referring to figure 4 the state feedback control law for the inverted pendulum with set point or tracking is:
In which r is the input signal reference to be tracked by y, thus ξ represents integral of the tracking error. For type servo system 1 state error equations is given as:
Where, 
. B B
The control signal is given by equation:
Where,
In order to get a reasonable speed and damping in the response of the designed inverted pendulum plant system, the desired closed-loop poles were chosen to be at = i ( =1,2,3,4.5), where:
And the state-feedback gain matrix is calculated by using the Ackerman command to calculate the state feedback gain matrix K. The calculation gives result feedback gains to control the designed inverted pendulum system as: 
The simulation result when the step response input gives to the system is as shown in Figure 5 . The graph shows that the pendulum rod can be stabilised at zero point at about 2 seconds while the cart can be stabilised successfully as well and reaches the new position as the reference input at 1m. This graph shows that the cart velocity lags about 0.5 seconds from the cart velocity reference. However the cart velocity can be controlled successfully to track the reference given while at the same time stabilised the angle pendulum rod in upright position.
Conclusion
Based on simulation results, it can be said that the pole placement method can be useful to design controllers for the two DoF inverted pendulums with satisfactory performance. The result shows that pole placement is capable of controlling the two DoF inverted pendulum's angle and the cart's position or velocity. But a problem still exists when the two DoF inverted pendulum system is given a prescribed velocity this leads to the cart's velocity lagging the input by about 0.5 second.
